Background: The neutrophil-to-lymphocyte ratio (NLR) is a strong predictor of mortality in patients with colorectal, lung, gastric cancer, pancreatic and metastatic renal cell carcinoma. We here evaluated whether preoperative NLR is an independent prognostic factor for non-metastatic renal cell carcinoma (RCC). Materials and Methods: Data from 327 patients who underwent curative or palliative nephrectomy were evaluated retrospectively. In preoperative blood routine examination, neutrophils and lymphocytes were obtained. The predictive value of NLR for non-metastatic RCC was analyzed. Results: The NLR of 327 patients was 2.72±2.25. NLR <1.7 and NLR ≥1.7 were classified as low and high NLR groups, respectively. Chi-square test showed that the preoperative NLR was significantly correlated with the tumor size (P=0.025), but not with the histological subtype (P=0.095)and the pT stage (P=0.283). Overall survival (OS) and disease-free survival (DFS) were assessed using the Kaplan-Meier method. Effects of NLR on OS (P=0.007) and DFS (P=0.011) were significant. To evaluate the independent prognostic significance of NLR, multivariate COX regression models were applied and identified increased NLR as an independent prognostic factor for OS (P=0.015), and DFS (P=0.019). Conclusions: Regarding patient survival, an increased NLR represented an independent risk factor, which might reflect a higher risk for severe cardiovascular and other comorbidities. An elevated blood NLR may be a biomarker of poor OS and DFS in patients with non-metastatic RCC.
Introduction
Renal cell carcinoma is the most common malignant tumor of the kidney, accounting for about 3% of malignancies in adults (Siegel et al., 2013) . Thanks to an increased use of ultrasound and computed tomography in recent years, incidental and early stage tumors disease have been encountered more frequently (Kim et al., 2011) . Although the increase in the number of early stage tumors, the disease mortality rate is still increasing (Kim et al., 2011) . Most of these cancers are localized in the kidney, but after nephrectomy metastasis develops in 20% to 30% of patients with localized disease (Roos et al., 2014) . As renal tumors are unresponsive to chemotherapy and radiotherapy, the majority of metastatic patients die (Grunwald and Ravaud, 2014) . Although TNM stage and nuclear grade are currently widely accepted as prognostic factors, they are not entirely reliable (Shuch et al., 2006) . Other well-known prognostic factors are surgical margin positivity, lymphovascular invasion and histological subtype. Due to the insufficiency of these prognostic factors, new factors including clinical and laboratory findings have started to be studied. Increasing evidence supports the involvement of systemic inflammation in cancer development and progression (Mantovani et al., 2008) . It has been shown that, among the leukocytes in circulation, neutrophils increase and lymphocytes decrease relatively as a systemic inflammatory response development against the tumor. The NLR has been used as an indicator of systemic inflammatory response (Zahorec, 2001) . It was reported that increased pretreatment NLR is associated with poor outcome in colorectal (Walsh et al., 2005) , gastric (Ubukata et al., 2010) and ovarian (Cho et al., 2009 ) cancer cases. Cumulating evidence in metastatic RCC suggests that a high NLR might represent an independent adverse prognostic factor in interferon-treated (Atzpodien et al., 2003) , interleukin-2 treated (Donskov and von der Maase, 2006) , as well as in sunitinib-treated (Keizman et al., 2012) patients. However, in non-metastatic RCC, data regarding the prognostic significance of the NLR are sparse, and controversy still exists about how discriminating the NLR might potentially be an independent risk factor. Based on these, the aim of our study was to further clarify the prognostic significance of the preoperative NLR in nonmetastatic RCC and to evaluate whether this parameter provides additional prognostic information to wellestablished clinicopathological parameters.
Materials and Methods

Basic information of patients
This retrospective analysis included data from 361 consecutive N0 RCC patients who underwent a curative radical or partial nephrectomy at the Department of Urology in the Affiliated Hospital of Xuzhou Medical College, China, between December 2005 and December 2011. All of the clinicopathological data were retrieved from pathology reports from the Department of Pathology at the same hospital. Of this data set, we excluded 29 cases with N0Mx RCC, and 5 cases who had hematologic disease, metastatic disease, active infection, and received neoadjuvant therapy (Eryilmaz et al., 2014) that may affect the number of leukocytes during diagnosis, were excluded from the study. The remaining 327 patients with non-metastatic RCC (T 1 -T 4 N 0 M 0 ) were included into the study. The laboratory data, including neutrophil and lymphocyte counts, were obtained by preoperative exploration one day before surgical intervention. The NLR was calculated by dividing the number of absolute neutrophils by the number of lymphocytes.
Follow-up of patients
Patients' postoperative surveillance included routine clinical and laboratory examination; regarding imaging methods, X-rays of the chest and abdominal ultrasound were predominantly used, especially in patients with a low relapse risk (pT 1 ), whereas computed tomography or magnetic resonance imaging was performed in all other patients as Pichler et al. (2011) previously reported. Follow-up evaluations were performed every 6 months for the first 5 years and annually thereafter for locally advanced tumors. In organ-confined cancers, imaging was performed twice in the first year after surgery and annually thereafter. No neoadjuvant or adjuvant treatment was administered. OS was defined as the time (in months) from date of surgery to individuals' death for any cause. DFS was defined as the time (in months) from date of surgery to non-cancer related death. Recurrence was defined by every new occurrence of kidney cancer after nephrectomy, and local, metastatic recurrence or death from kidney cancer. During the follow-up, when patients are still alive at the last or lost in the process, the data were identified as censored. The study was approved by the local ethical committee of the Xuzhou Medical College.
Statistical analysis
Data are expressed as the mean ± SD. The study end point was OS and DFS. Factors analyzed were patient age, gender, the histological subtypes, pT stage, neutrophil count, lymphocyte count and NLR. Categorical data independence of fit was analyzed by the chi-square test. As reported previously (Atzpodien et al., 2003) , continuous variables such as age, neutrophil count, lymphocyte count and NLR were analyzed as dichotomous variables according to approximate optimal cutoff points. The NLR cutoff value that best discriminated between good and poor survival, that is with the most significant P value according to the log rank test, was determined by testing all possible cutoffs by ROC. And the median value of age, neutrophil count, lymphocyte count was the cutoff value. All such cutoffs were then rounded to clinically relevant (convenient) values.
The relationship between NLR and other clinicopathologic parameters was studied by nonparametric tests. Patients' clinical end points were calculated using the Kaplan-Meier method and compared by the log rank test. Enter stepwise multivariate COX proportion analysis was performed to determine the influence of pT stage, age, gender, the histological subtypes, and NLR on DFS and OS. Hazard ratios (HRs) estimated from the Cox analysis were reported as relative risks with corresponding 95% confidence intervals (CI). The best cutoff value of the NLR at survival time was tested by using the STATA 10.0. All other statistical analyses were performed using the SPSS 19.0 (SPSS Inc., Chicago, IL, USA). A two-sided P<0.05 was considered statistically significant.
Results
Clinicopathologic characteristics of our study cohort As shown in Table 1 , of the 327 consecutive RCC patients, 294 (89.9%) had clear cell, 11 (3.4%) had DOI:http://dx.doi.org/10.7314/APJCP.2015.16.9 
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papillary, 5 (1.5%) had chromophobe, 2 (0.6%) had multilocular cystic, 10 (3.1%) had adenocarcinoma, 5 (1.5%) were not otherwise specified. In the 211 (64.5%) men and 116 (35.5%) women, median age at nephrectomy was 56 years (range 3 to 86). The pT stage was T1 to T4 in 236 (72.2%), 50 (15.3%), 40 (12.2%), 1 (0.3%) cases, respectively. Mean laboratory values were neutrophil count 4, 309±2, 045/μl, lymphocyte count 1, 791±546/μl and NLR 2.72±2.25. According to tumor size, the patients were collected as two groups: >7cm was 62 (19.0%), and ≤7cm was 265 (81.0%). Mean follow-up was 43 months (range 0 to 97). During follow-up disease recurred in 22 patients at a mean of 30 months (range 3 to 56). The site of recurrence was lung in 6 cases, liver in 1, brain in 1, renal in 7, and other in 7.
NLR was significantly associated with tumor size
According to the ROC curve (Figure 1) , we determined the cutoff of 1.7 for the NLR to be optimal to discriminate patients' survival that prompted us to select 1.7 as the optimal cutoff value for all subsequent analyses to differentiate between low (< 1.7) and high (≥ 1.7) NLR. Overall, there are 78 (23.9%) patients with a low NLR and 249 (76.1%) patients with a high NLR. As shown in Table 2 , chi-square analysis revealed that the increased preoperative NLR in the non-metastatic RCC was significantly positively associated with tumor size 
Increased NLR correlates with poor patient survival
To further investigate whether increased NLR in nonmetastatic RCC correlates with a worse prognosis, KaplanMeier survival curves were constructed using overall or disease-free cumulative survival to compare the patients with high NLR to those with low NLR (n=327, follow-up time (months), median 44, range from 0 to 97 ). Our data revealed that high NLR correlated with both worse overall and disease-free survival in non-metastatic RCC (P=0.007 and P=0.011, respectively, log-rank test; Figure 2) .
NLR serves as an independent prognostic indicator for non-metastatic RCC
Moreover, we examined whether NLR was an independent prognostic factor for non-metastatic RCC. We performed a univariate Cox regression analysis including NLR, age, gender, pT stage, histological subtypes and tumor size to study the effects NLR on patient survival in non-metastatic RCC. The univariate Cox regression analysis showed that NLR was an independent prognostic marker for non-metastatic RCC patients overall survival (hazard ratio, 1.746; 95% CI, 1.158-2.632; P=0.008; Table 3 ) and disease-free survival (hazard ratio, 1.756; 95% CI, 1.127-2.736; P=0.013; Table 3 ). In multivariate Cox regression analysis, we found that NLR was an independent prognostic marker for overall survival (hazard ratio, 1.674; 95% CI, 1.103-2.539; P=0.015; 
Discussion
Despite recent progress in the identification of genetic, epigenetic and common molecular alterations in RCC has been made (Gerlinger et al., 2012) , the routine diagnostic and prognostic assessment of RCC currently relies on pathological tissue examination and traditional clinicopathological prognostic variables (Ficarra et al., 2010) . The complexity of these molecular changes, as well as high costs of analyses, the time-consuming preparation required and the lack of evidence demonstrating how these newly discovered molecular markers influence diagnostic or therapeutic decisions have rendered none of the markers available for routine testing.
Increasing evidence supports the involvement of systemic inflammation in cancer development and progression (Mantovani et al., 2008) . Regularly used bloodbased parameters, such as the neutrophils or lymphocyte count and the resultant-derived NLR, are relatively easy to assess without additional laborious efforts, making them attractive parameters for patients' improved individualized risk assessment in RCC (Zahorec, 2001 ). An elevated NLR reflects both a decreased lymphocyte mediated antitumor immune response and a heightened neutrophil dependent inflammatory reaction. Both of these factors may contribute to aggressive tumor biology, cancer progression, and poor prognosis (Proctor et al., 2011; Ishizuka et al., 2013) . Circulating neutrophils have been shown to produce cytokines, such as tumor necrosis factor, IL-1, and IL-6, and to secrete the proangiogenic factor VEGF (Cho et al., 2009 ). In addition, a relative lymphocytopenia may reflect a lower count of CD4+ Th-lymphocytes, resulting in a suboptimal lymphocytemediated immune response to malignancy. In conclusion, the NLR may reflect the combined prognostic information of these two processes and be a stronger predictor of the outcome than either of them considered alone.
An elevated pretreatment NLR has been previously demonstrated as a poor prognostic factor for different human cancer types, including gastrointestinal, soft tissue sarcoma, nasopharyngeal, as well as lung cancer (Roxburgh and McMillan, 2010) . In non-metastatic RCC, only a few numbers of studies have been published about the prognostic value of the pretreatment NLR so far, and the reported findings are conflicting. In our study, we found that an increased NLR was an independent predictor for OS and DFS in a cohort of 327 non-metastatic RCC patients in China. In a validation study that included a large European cohort of 678 patients with non-metastatic clear cell RCC (Pichler et al., 2011) , they demonstrated that an increased NLR was an independent negative predictor for patients' OS, but not a predictor for direct cancer related end points, such as CSS and MFS. Ohno et al (Ohno et al., 2010) reported that an increased NLR was an independent predictor for relapse-free survival in a cohort of 192 non-metastatic RCC patients from Japan. However, a definitive explanation for these observations remains speculative. Nevertheless, several studies have clearly established an increased NLR as a negative prognostic predictor for cardiovascular events (Gibson et al., 2007; Tsai et al., 2007) , hypertension and diabetes (Imtiaz et al., 2012) , bacteraemia (Terradas et al., 2012) , chronic kidney disease (Sun et al., 2012) , and severe gastrointestinal conditions (Azab et al., 2011; Alkhouri et al., 2012) . In conclusion, an increased NLR seems to be associated with patients' increased risk of cardiovascular, infectious, and gastrointestinal morbidity and mortality.
To accurate predict the long-term survival immediately after nephrectomy, a prognosis model for counseling, scheduling followup visits and identifying poor risk cases potentially appropriate for adjuvant therapy protocols is needed. As for the prognosis model, Pichler M et al (Pichler et al., 2011) analyzed the addition of the NLR an improved overall survival (P=0.007, log-rank test). B Low NLR (<1.7) correlates with an improved disease-free survival (P=0.011, log-rank test). Cum, cumulative to the Leibovich prognosis model (Leibovich et al., 2003) , which limits the analysis to patients with clear cell RCC. Another study by Kattan et al (Kattan et al., 2001 ) reported a postoperative nomogram for predicting treatment failure (clinical evidence of recurrence or death from RCC). In this nomogram, predictor variables were patient symptoms, histology, tumor size, and pT stage (T 1 -T 3b/c N 0 M 0 ). Cindolo et al (Cindolo et al., 2003) developed a model for the preoperative prediction of diseasefree survival for non-metastatic RCC. The recurrence risk formula was constructed as (1.28×presentation (asymptomatic=0; symptomatic=1)+ (0.13×clinical size)). And patients with tumor extension beyond Gerota's fascia (pT 4 ) were excluded from the study. But in our study, the tumor sizes of patients were not continuous variables. Ohno et al. (2010) developed a preoperative risk stratification model for recurrence based on pT stage as a tumor related factor and NLR as a host related factor. In their study, they retrospectively reviewed the records of 192 patients with non-metastatic RCC (T 1 -4 N 0 M 0 ), using the two statistically significant variables (pT stage and NLR) obtained from multivariate analysis for RFS. The site of recurrence was lung in 20 cases, bone in 7, liver in 3, brain in 2, retroperitoneal space in 2 and other in 9. But in our study, the study end point was OS and DFS. And for OS and DFS, pT stage is not a statistically significant variable. So, there is not a suitable prognosis model for our study.
In our study, we observed that the NLR is only associated with tumor volume, which is consistent with Ceylan C et al (Ceylan et al., 2014) reported. The reason why pT stage is not a statistically significant variable for OS and DFS remains speculative. Although the prognostic value of pT stage is well established in a vast number of studies, as we all know, it is also known that tumors with similar pathological stage do not always exhibit similar biological behavior and aggressiveness. And the definition of the study endpoint of OS and DFS, and the classification of pT 1 vs pT 2-4 in our study maybe could explain it. As with all retrospective studies, limitations of our study are inherent to its design including the retrospective data collection. Although the NLR is easy to measure, conditions such as active infection, inflammatory diseases, smoking behavior or stress at the time of blood collection may affect it (Pedersen et al., 1999) . Nonetheless, even considering these limitations, our data indicate that an increased pretreatment NLR might represent an independent prognostic factor for OS and DFS in non-metastatic RCC patients, although further validation is required.
